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Field of the Invention 

The present invention relates to a method and a 
device for recording images of small particles, such as 
grains from cereals and like crops, to analyze the qua- 
lity of the particles, especially to detect any crack- 
ing in the particles. 
Background Art 

Inspection of different kinds of cereals and other 
crops is today made all over the world to determine the 
quality of the cereals in commercial transactions and 
handling. The inspection aims at examining a selected 
representative sample from a large consignment and 
determining the presence of non-desirable grains and 
particles. The non-approved grains and particles are 
classified and the quantity of each class is determin- 
ed. Owing to the distribution of the various grains, the 
sample and, thus, the consignment will be given a grading 
which is a decisive factor in connection with payment and 
handling of the consignment. 

Today most cereal inspections are carried out 
entirely manually. A skilled inspector has often passed 
through a comprehensive education of many years. Never- 
theless there are great deviations in the analyses/ 
classifications between different inspectors owing to, 
among other things, personal assessments and varying con- 
ditions of lighting. Deviations also occur in each indi- 
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vidual inspector because of, for example, the degree of 
fatigue . 

It is particularly difficult to detect cracking 
in the grains. A special problem is to detect cracks in 
rice. An inspector cannot detect cracked grains with the 
naked eye. Cracked grains can be detected by grains being 
placed on a sheet of glass with an inclined mirror under- 
neath. When the grain is illuminated from above, cracks 
can be detected when looking at the grain in the mirror. 
According to another method, cracks can be detected if 
the grain is placed on a shimmering blue layout table. 
The inspector can then detect cracks by looking at the 
grain from different angles. Both methods imply that the 
inspector must be assisted by special illumination and 
place the grains so that they are correctly illuminated. 
This means that the analyzing process is slowed down sig- 
nificantly since the analysis of each grain takes a long 
time . 

It is desirable for the analysis of grains to be 
automated in order to reduce the deviations and create 
a more stable situation involving a more transparent 
grading process. This means that a reliable method of 
detecting cracks in grains in an automated manner is 
needed. There is today no satisfactory method of detect- 
ing cracks, which means that an inspector still has an 
important role. 
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Summary of the Invention 

The object of the present invention is to provide 
automated detection of internal damage in particles , such 
as grains from cereals. A specific object is to provide 
detection of cracks, which is rapid and reliable. 

The object of the invention is achieved by a method 
according to claim i and a device according to claim 15 . 
Further advantages of the invention are evident from 
dependent claims 2-14 and 16-2 7. 

Thus, the invention provides a method for recording 
images of small particles, such as grains from cereals 
and like crops, to analyze the quality of the particles, 
especially to detect any cracking in the particles. The 
method comprises the steps of feeding particle samples 
which each comprise at least one particle, to a place for 
recording an image, illuminating a particle sample from 
at least two directions simultaneously, the illumination 
occurring with different light wavelength for each direc- 
tion, recording an image of the illuminated particle 
sample with the aid of an image -recording means, which 
records partial images of the particle sample in diffe- 
rent channels, which are sensitive to different wave- 
lengths, and comparing the different partial images for 
analysis of the particle sample. Each partial image shows 
the particle sample illuminated from one direction by the 
channel recording only one of the different light wave- 
lengths . 
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The invention is thus based on the understanding 
that it is possible to use the fact that image -recording 
means which can record color images record different 
light wavelengths in different channels in order to put 
them together to one color image. By illuminating a par- 
ticle with different wavelengths from different direc- 
tions , it appears to an individual channel as if the par- 
ticle is illuminated from only one direction with one 
wavelength. Thus, simultaneous detection of illumination 
of the particle from different directions separately is 
obtained by the information in the channels being used 
separately and not in a put -together color image. The 
optical coupling between both sides of a crack or some 
other internal damage in the particle is inferior to that 
through an undamaged particle. This difference is rein- 
forced by comparing the partial images, thus making it 
possible to compare the illumination from different sides 
of the crack. 

The illumination and image recording of a particle 
sample occur preferably from angles to the particle 
sample which are so different that essentially no direct- 
ly reflected light from the particle sample reaches the 
image -recording means. As a result, the major part of the 
light which is detected in the image -recording means is 
diffuse light. The diffuse light has been scattered 
inside a particle before it reaches the image -recording 
means. A crack, if any, may affect the diffuse light 
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whereas directly reflected light does not have any effect 
at all. By the image -recording means mainly detecting 
diffuse light, the contrasts from a crack will appear 
more clearly. 

The particle sample is advantageously illuminated 
with sweep light, i.e. the illumination occurs with 
sweeping incidence on the particle sample, and the angle 
of incidence of the light is close to 90° to the direc- 
tion of the image -recording means. This minimizes the 
directly reflected light in the image -recording means. 
This means that the difference in optical coupling 
between both sides of the crack appears more clearly 
since the light must be scattered in the particle in 
order to reach the image -recording means. 

According to a preferred embodiment, the particle 
samples are fed during continuous movement. This means 
that a minimum wear on mechanical parts arises owing 
to many retardations and accelerations of the particle 
samples . 

The method suitably comprises the step of dividing 
an image of a particle sample comprising a plurality of 
particles into images of one particle each. As a result, 
a plurality of particles can be analyzed from one image. 
The method will not be dependent on the condition that 
only one particle at a time is always fed to the image- 
recording. 
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Preferably, light transmitted through the particle 
sample is measured in the image -recording means. This 
means that the light is scattered many times in the par- 
ticle before it reaches the image -recording means. This 
accentuates the effects of a crack. 

According to a preferred embodiment, only one par- 
ticle is fed in each particle sample. This means that a 
physical separation of the particles is obtained. In a 
plurality of analyses of the same particle using diffe- 
rent illumination techniques, a physical separation is 
preferred. 

The particle samples are advantageously fed by a 
carrier which has sample holders for taking up one par- 
ticle in each sample holder, which are formed like the 
particles so that the orientation of a particle in the 
sample holder is controlled. This means that the par- 
ticles can be oriented so as to fill the image that is 
being recorded as much as possible since one long side 
of the particle can be adapted to follow one long side 
of the image. That the orientation of the particles is 
known is also an advantage in case of e.g. grains of 
rice, by the cracks in most cases having the same direc- 
tion in the grain. The direction of a possible crack is 
thus known, which facilitates illumination and detection. 

The particle sample is suitably illuminated with 
two different wavelengths from two different illuminating 
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means, and the angle between the directions of illumina- 
tion of the two illuminating means is essentially 180°. 

In this context use is made of the fact that cracks 
in, for instance, grains of rice are usually oriented 
transversely of the grain. Since the orientation of the 
grain can be determined, it is thus possible to illumi- 
nate the grain from its short sides, which means that 
the light is incident perpendicularly on the crack. This 
makes the effect of the low optical coupling between the 
two sides of the crack appear clearly. 

In another embodiment, the particle sample is illu- 
minated with three different wavelengths from three dif- 
ferent illuminating means, and the angle of the direc- 
tions of illumination of two neighboring illuminating 
means is essentially 120°. This embodiment is convenient 
to use when the orientation of the particles is not known 
and/or when the orientation of the cracks in the par- 
ticles can vary significantly. As a result, the particle 
is illuminated from three clearly separated directions 
and the optical effect of the crack is accentuated when 
comparing the two partial images that have been recorded 
with incident light which is closest to be perpendicular 
to the crack. 

The step of comparing the different partial images 
comprises preferably the step of subtracting the partial 
image from a first channel from the partial image from 
a second channel. This subtraction of one partial image 
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from another means that the effects of a crack in the 
particle are reinforced since one partial image comprises 
the particle illuminated from one side of the crack and 
the other partial image comprises the particle illuminat- 
ed from the other side of the crack. Therefore the effect 
of the crack will be doubled and appear more clearly. 

The image -recording means is advantageously a digi- 
tal camera. A digital camera is relatively quick and pro- 
duces an image in digital format, which is convenient for 
the image to be automatically analysed. 

The method comprises in a preferred embodiment the 
step of following the feeding of the particle sample with 
a mirror, so that a mirror image of the particle sample 
falls on a center axis of the feeding movement, the mir- 
ror image of the particle sample standing essentially 
still seen from the image -recording means as image 
recording occurs, owing to the fact that the mirror image 
of the particle sample is positioned on the center axis 
of the movement . 

In this way, particles can be fed at high speed 
past the image -recording means. Movement blur will not 
arise even if the image -recording means does not have 
an extremely short time of exposure since the particle 
appears to stand still in the mirror, seen from the 
image -recording means. By the image mirror essentially 
standing still is meant that no translational movement 
occurs but only a small degree of rotation owing to the 
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movement of the mirror in front of the detector. This 
movement of rotation, however, is so small that no move- 
ment blur arises. Furthermore, a relatively long time of 
exposure means that the quantities of light need not be 
very large. 

The different light wavelengths comprise preferably 
red, green and blue light. This is suitable since it is 
common in digital cameras, such as CCD cameras, that 
color images are recorded by precisely red, green and 
blue light being recorded in different channels. 

The object of the invention is also achieved by a 
device for recording images of small particles, such as 
grains from cereals and like crops, to analyze the qua- 
lity of the particles, especially to detect any cracking 
in the particles. The device comprises a carrier which 
feeds particle samples which each comprise at least one 
particle to a place for image recording, at least two 
illuminating means which are adapted to simultaneously 
illuminate a particle sample with different light wave- 
length and from different directions, an image -recording 
means which records an image of the illuminated particle 
sample, the image -recording means recording partial 
images of the particle sample in different channels which 
are sensitive to different wavelengths, and an analyzing 
means for comparing the different partial images for ana- 
lysis of the particle sample. Each partial image shows 
the partial sample illuminated from one direction by the 
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channel recording only one of the different light wave- 
lengths . 

By the image -recording means recording different 
light wavelengths in different channels, simultaneous 
detection of illumination of a particle can be made 
separately from a plurality of directions. The illumi- 
nation thus occurs with different wavelengths from dif- 
ferent directions and a channel recognizes the particle 
as being illuminated from one direction only. By the 
image recording of the illumination from different 
directions occurring simultaneously, the particle need 
not be oriented in exactly the same manner in different 
measurements for comparisons to be made. The need for the 
particle to be oriented in the same way could also be 
obviated by the particle lying still in front of the 
image -recording means between measurements. The inventive 
device now permits much quicker feeding of particles than 
if the particle had to lie still in front of the image- 
recording means for a plurality of measurements. 
Brief Description of the Drawings 

A presently preferred embodiment of the invention 
will now be described by way of example with reference 
to the accompanying drawings . 

Fig. 1 is a block diagram and describes the method 
according to the invention. 
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Fig. 2 is a perspective view of a sample -feeding 
carrier for feeding particle samples to a place for 
recording images . 

Fig. 3 illustrates schematically illumination of a 
grain of rice from two opposite directions according to 
one embodiment of the invention. 

Fig. 4 illustrates schematically illumination of a 
grain of rice from three different directions according 
to another embodiment of the invention. 
Detailed Description of a Preferred Embodiment 

A method according to the invention for detecting 
cracks or other internal damage in cereals, such as rice 
or other transparent or semitransparent particles, will 
now be described in more detail with reference to Fig, 1. 

A representative sample is taken from a large volume 
that is to be analyzed. The sample consists in most cases 
of about 1200 grains or particles (about 30 g) but can be 
up to 150 g. The sample is inserted into an instrument 
for analysis. There the particles are separated physi- 
cally for analysis to be made of one particle at a time. 
The physical separation occurs in some conventional man- 
ner. The separated particle is then fed, step 102, to a 
place for image recording. Here the particle is illumi- 
nated with sweep light, step 104, i.e. the angle of inci- 
dence of the light to the normal of the particle is close 
to 90° and the light is almost tangent to the particle. 
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Illumination takes place from several directions, 
with different light wavelengths from each direction. 
The light will be scattered in the particle several times 
before it is emitted as diffusely reflected or diffusely 
transmitted light. An image -recording means is adapted to 
record an image of the particle straight from above. This 
image thus comprises above all information about the dif- 
fuse light. Directly reflected light does not reach the 
image -recording means since the angle of deflection of 
the light from the particle corresponds to the angle of 
incidence of the light on the particle, and the image- 
recording means records light with a small angle of 
deflection. Directly transmitted light, i.e. light that 
has not been scattered in the particle, constitutes a 
very small part of the transmitted light owing to the 
very small probability that light should pass through a 
solid medium without being scattered. Preferably, trans- 
mitted light is detected since this means greater scat- 
tering of the light before it is detected. When detecting 
transmitted light, the angle of incidence of the light on 
the particle is not equally important, but also in this 
case it may be advantageous to illuminate the particle 
with sweep light. 

Cracking in the particle causes deteriorated optical 
coupling between the two sides of the crack. This means 
that light that has struck one side of the crack will, to 
a very small extent, be transmitted to the other side of 
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the crack- Therefore a great difference in light inten- 
sity on the different sides of the crack will be seen. 
For a crack in the particle to appear clearly, the inci- 
dent light should be perpendicular to the crack- At least 
the light should be incident mainly, and preferably only, 
on one side of the crack in the particle. 

The particle is illuminated by three sources of 
light with an angle of 12 0° between two neighboring 
sources of light. Consequently it will be possible to 
ensure in an optimal manner that the light from a pair 
of the sources of light is incident on one side each of 
the crack. If the direction of the crack is known in the 
particle, this can be used by illuminating the particle 
from one side each of the crack with an angle of 180° 
between the sources of light. It goes without saying that 
this results in a better contrast but thus requires that 
the direction of the crack and the orientation of the 
particle be known. 

An image of the illuminated particle is recorded, 
step 106, in the image -recording means. The illumination 
from an individual direction is detected in a channel of 
its own by the channel being merely sensitive to the 
light wavelength of the light from the individual direc- 
tion. The information in a channel is recorded in the 
image -recording means in the form of a partial image. The 
image -recording means is a conventional digital camera, 
such as a CCD camera, which records red, green and blue 
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light as partial images in different channels. Therefore 
the illumination occurs with red, green and blue light in 
the three sources of light to fit the sensitivity of the 
channels of the camera. If only two sources of light are 
used when the orientation of the crack is known, red and 
blue light are used since these wavelengths differ most. 

The partial images are normally used to put together 
a color image by the intensity relationship between a 
number of colors being determined for each pixel in the 
image. Instead, here use is made of each partial image 
as an image of the illumination of a particle from one 
direction. These partial images can then be compared, 
step 108, to reinforce the effects of a crack. The rein- 
forcement of the effects occurs by one partial image 
being subtracted from another. If these partial images 
contain information about illumination of the particle 
from one side each of a crack, the effect of the crack 
will be doubled in the resulting image. After reinforce- 
ment of the effect, an image analysis is carried out to 
check whether there is a clear dividing line that defines 
areas in the particle with a great difference in light 
intensity. If there is such a dividing line, this indi- 
cates that there is a crack in the particle and the par- 
ticle is classified as cracked. 

A device, in which the method above is carried out, 
will now be described in more detail with reference to 
Fig. 2. The device has a carrier 1, which is adapted to 
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feed particles to a place where illumination and image 
recording of the particles take place. The carrier 1 is 
a disk which has sample holders 2 along the periphery of 
the disk. A sample holder 2 consists of a hole which 
takes up a particle. The carrier 1 is rotated inside a 
stand and, by rotation, particles are fed continuously 
by sample holders 2 to a place for image recording. The 
carrier need, of course, not rotate during continuous 
movement. A continuous movement, however, causes little 
wear on mechanical parts and is therefore preferred. 

The particles can be made to adhere by suction to 
the sample holders 2 by a subatmospheric pressure being 
generated on the underside of the carrier 1. The holes 
are so small that only one particle at a time can adhere 
and no particle can fall through a hole. The orientation 
of the particle on the carrier 1 can in this case be 
arbitrary and, thus, three illuminating means should be 
used as discussed above. These illuminating means are 
fixedly mounted on the stand with an angle of 12 0° 
between two neighboring illuminating means. In this posi- 
tion, also an image-recording means is mounted on the 
stand. Here the particle is illuminated with illuminating 
means and an image of the illuminated particle is record- 
ed by the image -recording means as described above. 

The sample holders 2 can, according to another embo- 
diment, consist of particle-shaped holes. The carrier 1 
then rotates on top of a particle holding disk which thus 
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constitutes a bottom of the holes. A particle thus falls 
down in a hole and fits the hole in one way only, thereby 
making it possible to control the orientation of the par- 
ticle. As the carrier 1 rotates the particle is then 
advanced on the particle holding disk. Since the orienta- 
tion of the particle is known, knowledge of the normal 
orientation of the cracks in the particle can be utiliz- 
ed. For grains of rice, for instance, cracks are oriented 
transversely of the elongate direction of the grain. As 
a result, the grain can be illuminated from its short 
sides and the light will be incident perpendicularly on 
a crack, if any, in the grain. Two light -emitting diodes, 
one red and one blue, are thus mounted in the opposite 
short side walls of each sample holder 2 . 

The partial images that are recorded in the image- 
recording means are sent as input data to calculation 
circuits in the instrument. These carry out an image 
analysis for subtraction between two partial images of 
a particle and determining whether a dividing line which 
marks a crack is to be found in the particle. 

A mirror- supporting means 3 is arranged to follow 
the movements of the carrier 1. The mirror- supporting 
means 3 has for each sample holder 2 a corresponding 
mirror 4. The mirror 4 projects a particle in the sample 
holder 2 on a center axis of the movement. This means 
that the image -recording means which records an image of 
the mirror image of the particle perceives that the par- 
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tide stands still in the mirror. The mirror image of the 
particle is all the time on the center axis, and the only 
movement in the mirror image is a turning about the cen- 
ter of the particle. The degree of this turning corre- 
sponds to the angle through which the mirror -supporting 
means 3 is turned while a mirror 4 is positioned in front 
of the image -recording means. This turning is so small 
that no or very little movement blur arises in the 
recorded image. This device makes it possible for the 
image -recording means to have a relatively long time of 
exposure, which can be managed by a conventional digital 
camera . 

Figs 3 and 4 illustrate schematically how the image 
analysis occurs in connection with illumination from two 
(Fig. 3) and three (Fig. 4) directions. In Fig. 3, both 
the red light 5 and the blue light 6 are incident per- 
pendicularly on the crack, and the distinct difference in 
contrast is clearly to be seen after subtraction of the 
blue channel from the red. In Fig. 4, the blue light 6 is 
perpendicular to the crack while the green light 7 and 
the red light 5 do not accentuate the crack in the same 
clear manner. After reinforcing the effect by subtraction 
of two channels at a time, it is, however, to be seen 
that the crack is clearly accentuated when comparing the 
blue and the green channel and, respectively, when com- 
paring the blue and the red channel. 
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It will be appreciated that a large number of modi- 
fications of the embodiment described above are feasible 
within the scope of the invention as defined by the 
appended claims. For instance, other wavelengths can be 
used for the light, which means that the channels of the 
image -recording means in that case are sensitive to these 
wavelengths . 

According to another alternative embodiment, a plu- 
rality of particles in a particle sample can be fed 
simultaneously to the place for image recording. The 
image of the illuminated particle sample can then be 
divided into a plurality of images of one particle each. 
These images can then be analyzed as usual. In this 
manner, a plurality of particles will be measured simul- 
taneously, but some extra image processing is required. 

The illuminating means can, of course, be any kind 
of light source which emits light with limited spectral 
contents, such as some sort of laser or a gas discharge 
lamp. The light source need not be limited to emitting 
a narrow ray of light but can emit light in a wide angle, 
but the illumination of the particle should, as mentioned 
above, be incident on one side only of a crack in the 
particle . 

The image -recording means could be some other type 
of digital camera, such as a CMOS camera. 

The invention is not limited to the detection of 
cracks in particles. Other kinds of internal damage can 
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also be detected, such as insect damage, where an insect 
has bored a channel in the particle. 
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